Summary. Seventy-one early-type main-sequence stars have been observed spectroscopically in five southern galactic clusters and a loose association. Hydrogen-line profiles and helium diffuse line equivalent widths have been measured for all stars together with line strengths for metal and helium non-diffuse lines in 27 stars with small projected rotational velocities. Strömgren photometry has been obtained for stars where previous results do not exist and effective temperatures determined from the [cj index. Surface gravities have been estimated primarily from theoretical profiles fitted to the absorption line, and also from H/?photometry. Abundances, deduced from comparison with LTE and non-LTE model atmosphere calculations, are generally found to be consistent with a normal early-type stellar composition.
Introduction
This paper is one of a series, which has investigated the chemical composition of main-sequence B-type stars in young galactic clusters and loose associations, and thus by implication the composition of the intersellar medium from which they formed. Previously light-element abundances have been determined for: field and loose association stars within 500 pc of the Sun and for B stars in two galactic clusters NGC 6231 and 6611 (Lennon & Dufton 1983; Keenanei«/. 1984; Browneiß/. 1986) , both approximately 2kpc distant. Normal (or approximately solar) abundances were found for all elements (He, C, N, O, Mg, Si, Al, S, Fe) in these star with the exception of a possible mean nitrogen deficiency of 0.5 dex being deduced for stars in NGC 6231. This cluster and NGC 6611 are only 1 kpc away from each other and hence this result, if confirmed, would imply the existence of significant abundance variations over small distance scales. This, in turn, would have serious repercussions for studies of interstellar depletions. No evidence was found of the galactic abundance gradients as revealed by studies of planetary nebulae (Peimbert 1979) or Hu regions (Shaver et al. 1983 ). However, if such gradients, typically 0.05-0.10 dex kpc -1 , are to be definitely detected by the present approach, observations must be made of B stars in clusters covering a much greater spread of distances. We note that preliminary results presented by Gehren et al. (1985) for a few very distant B stars (6-7 kpc away) also fail to provide evidence of galactic abundance gradients.
Here observational data are presented for 71 stars in a further five clusters, namely NGC 4755, 3293, 6531, IC 2944, NGC 2362 and a loose association previously investigated by . Atmospheric parameters and element abundances are deduced for each star from model atmosphere analyses, and finally the results are discussed in the light of the remarks in the opening paragraph.
Observations
The observational data were obtained during two observing runs at the South African Astronomical Observatory (SAAO) during 1984 April. First, spectroscopic observations were made for 60 stars in the young galactic clusters NGC2362, 3293, 4755, 6531 and IC2944. Additionally 11 stars were observed in a loose association first discussed by Feinstein (1964) . Secondly, Strömgren photometry was obtained for all but three of the spectroscopic targets which had no published results. The spectroscopic targets were chosen on the basis that they were considered to be main-sequence stars (i.e. logg>3.7) within the effective temperature range 18 000-32 000 K. In all cases subsequent model atmosphere analyses (see Section 3) confirmed these criteria. In Table 1 we list the star observed together with their Vmagnitudes. Target identification is from Johnson (1950 ) for NGC 2362 , Feast (1958 and Turner et al. (1980) for NGC 3293 and Arp & van Sant (1958) for NGC 4755, while V magnitudes are from Perry (1973) for NGC 2362 , Shobbrook (1983 for NGC 3293, Perry et al. (1976) and Shobbrook (1984) for NGC 4755, Roman (1955) and West (1967) for NGC 6531 and Thackeray & Wesselink (1965) for IC 2944. Where available V magnitudes for stars in the loose association are taken from Feinstein (1964) , with the bracketed values being estimated from the y filter counts. Details of the observational procedures and methods of reduction have been given by Brown et al. (1986) . Below we briefly summarize their main features.
PHOTOMETRY
The People's Photometer was used in conjunction with the SA AO 0.5-m telescope to determine four-colour ubvy magnitudes and for the brighter stars ß indices. Standard stars were selected from Crawford & Barnes (1970) and Gronbech, Olsen & Strömgren (1976) .
Photometry was undertaken for stars in NGC 6531, IC2944 and the loose association. In most cases, stars were observed on two or more nights. In Table 1 , we list the reddening free [ci] [=Ci-0.2(b-y)] index and where available the/?index. Sources for previously published data were Perry (1973 ) for NGC 2362 , Shobbrook (1983 for NGC 3293 and Perry et al. (1976) and Shobbrook (1984) for NGC 4755.
SPECTROSCOPY
The spectra were exposed at a grating dispersion of approximately 23Âmm -1 (corresponding to a full-width-half-maximum resolution of 0.8 Â) using the 1.9-m telescope and the RGO Cassegrain spectrograph with the Reticon photon counting system (RPCS). The RPCS accumulates data on two arrays -denoted by A and B -each consisting of 1872 pixels. Normally the stellar spectra were recorded first on array A (with sky background being recorded on array B), and then again with sky and star reversed. All stars were observed at wavelength centred on 4050 Â and covering approximately 400 Â. Approximately 20 stars were also observed in a second region centred on 4550 Â and again covering approximately 400 Â. Sky background and flat-field corrections were applied to the spectra. Typical count rates per pixel of 1-2 s -1 enabled the continuum count at the central wavelengths to be more than 1000 per pixel for practically all the observed cluster stars. Longer exposures were undertaken for stars with sharp lines which presumably have small rotational velocities. All spectra were recorded in the form of photon counts versus channel number and they were subsequently wavelength calibrated using Cu-Ar comparison spectra. A fifth-order polynomial relating wavelength to pixel number was fitted to uniformly spread argon arc lines in each spectral region, yielding mean residuals of 0.05 Â. A typical spectrum illustrating the quality of the observational data can be found in fig. 1 of Brown et al. (1986) . A major source of error in equivalent width determination is due to the difficulty associated with estimating the position of the continuum. Here, a consistent and objective method was used to deduce a continuum based on fitting a polynomial to regions believed to be line free. Metal-line equivalent widths were then deduced by fitting a Gaussian profile (or multiple Gaussian profiles in the case of blends). Full details of the above procedure may be found in Brown et al. (1986) , where its validity is supported by a comparison of equivalent widths for standard stars. The above procedure is, however, unsuitable for the broad helium diffuse lines and hence equivalent widths for these features were measured by hand, the continuum being defined at ±8Â from the line centre.
Equivalent widths are listed in Tables 2 (helium lines) and 3 (metal lines). Tabulations for the latter are restricted to a subset of 27 stars. These have small projected rotational velocities, which allow a reliable measurement of the relatively weak metal lines. Equivalent widths of diffuse helium lines are designated a subjective quality rating given on the scale 'a' most reliable and C c' least reliable, while typical uncertainties in the metal and other helium lines should be less than 30mÂ. Equivalent widths given for He14121Â include contributions from lines of On at 
Method of analysis
The method of analysis was to compare the observed line strengths and Strömgren photometry with those predicted from local thermodynamic equilibrium (LTE) radiative transfer codes. The model atmospheres, which were line blanketed, were generated using the ATLAS6 code of Kurucz (1979) . Possible non-LTE effects for individual species, particularly in the hotter stars, will be considered in Section 4. Preliminary estimates of the effective temperature {T e^} and gravity were derived from the Strömgren [c^ and/? indices. Theoretical indices were calculated as discussed in Nissen (1974) , the former agreeing well with those deduced from line blanketed models by Relyea & Kurucz (1978) . More accurate gravities were then deduced from comparing theoretical and observed H<5 line profiles, the former being calculated using the line broadening theory of Vidal, Cooper & Smith (1973) . A new effective temperature was then deduced from the [c^ index and the process iterated to convergence. In Table 1 , we tabulate the stellar effective temperatures together with the gravities deduced from the ß index and the Hi? line profile. For the latter, the estimates are normally in good agreement, and all stars appear to be near or on the main sequence. Observational uncertainties lead to random error estimates of 500 K in T c n and 0.2 dex in logg.
The Strömgren [ci] is sensitive to effective temperature as it provides a reddening independent estimate of the Balmer discontinuity. However, Brown et al. (1986) found that for the heavily and possibly anomalously reddened cluster NGC 6611, the method was unsatisfactory. For the three stars in NGC 6531 where Strömgren photometry is not available, effective temperatures were estimated from the Q parameter (Golay 1974), which was determined from the C/BV photometry of Roman (1955) . These temperatures are considered less accurate than those deduced from the [cx] index and are shown as bracketed values in Table 1 . We return to the reliability of the current effective temperature estimates in Section 4. Kane et al. 1980) . Using these estimates of atmospheric parameters together with the Kurucz grid of models, abundances have been derived for helium, carbon, nitrogen, oxygen, silicon, magnesium, aluminium and sulphur. All atomic data, including oscillator strengths and damping constants were as discussed in Brown et al. (1986) .
Results and discussion
Stellar radial velocities were measured from the wavelength shift of the stellar hydrogen, helium and metal lines and then corrected to heliocentric values. These are found to be in good agreement with values given for the clusters in Lyngâ (1981) . Additionally distance moduli were calculated for each star using methods discussed in, for example, Keenan et al. (1985) . Again in all cases these values are compatible with previously published results and hence we will assume that all stars are members of their respective clusters. Mean distance moduli and mean E(B-V)ïox each cluster are given in Table 5 where the error bars quoted are sample standard deviations. Values given for NGC 6531 do not include contributions from stars whose effective temperatures have been estimated from the Q parameter.
In Section 3 we mentioned that heavy and/or anomalous reddening in a cluster may result in unsatisfactory effective temperatures when these are determined from the [c^ index. For all clusters considered here, derived effective temperatures give results consistent with observed line strengths, being in good agreement with temperatures deduced from silicon (particularly of non-LTE effects are considered as discussed below), carbon and nitrogen ionization equilibria. In regard to effective temperatures estimated from the Q parameter these lead to helium abundances which are compatible with abundances obtained for stars whose effective temperatures were calculated from [c x ] indices (see Table 2 ). Hence we conclude that the effective temperatures, listed in Table 1 , should not contain any major systematic errors.
The derived stellar abundances for helium and metal elements as summarized in Tables  2 and 4 respectively are logarithmic on the scale hydrogen = 12.0. Error bars refer to the sample standard deviation obtained whenever more than one line was measured. Resulting mean logarithmic abundances for each cluster are given in Table 5 Tables 2 and 4 shows that nearly all programme stars have element abundances very similar to those found in normal B stars, and in most cases observational errors are sufficient to account for any residual differences. Only the nitrogen abundance of 7.2 as listed for All-03 in NGC 4755 is significantly below normal. However, this result is derived only from the strength of the 3995 Â line and it is of interest that similar deficiencies are obtained from this line in other stars. As the other stars in NGC 4755 appear to be normal, there is little evidence that this underabundance is real.
The possible detection of an underabundance of nitrogen is NGC 6231 (Lennon & Dufton 1983; Keenan et al. 1984 ) was based only on line strengths of N n 3995 Â. In light of the previous paragraph it was decided to obtain a larger sample of nitrogen lines at high resolution by re-observing two members of NGC 6231, namely FID 151911 and 326339, on the AngloAustralian Telescope in the wavelength regions 3900-4020, 4030-4150, 4430-4550 and 4540-4660Â, at dispersions of 5Âmm _1 . For further details of observational procedures and method of reduction see Brown et al. (1986) . Equivalent widths were measured and for common wavelength regions are found to agree with those given by Keenan et al. (1984) to within 10 per Loose Normal Association B-Stars possible differences in LTE and non-LTE line strengths predicted from the same non-LTE model atmosphere, have been used to scale equivalent widths calculated in LTE using the line blanketed model atmosphere of Kurucz (1979) . In most cases the changes in derived abundances compared with LTE calculations are small, being less than typical errors of measurement. For stars with effective temperatures greater than approximately 28 000 K, departures from LTE are significant for the Mg ii line and some lines of Hei, Sim, Siiv and Nil In all cases smaller abundances are deduced from a non-LTE analysis. For the cooler stars (r ef f<22 000 K) non-LTE effects are important for lines of Sin; derived abundances being increased compared with LTE results. Although abundances of individual lines may be changed in non-LTE, the mean LTE abundances for each cluster listed in Table 5 are effectively unchanged.
The good agreement between average abundances obtained for each cluster and those for normal objects is apparent from results listed in Table 5 . These clusters, like NGC 6611 and 6231 are situated in the Sagittarius spiral arm and therefore their normality suggests that stars in this region formed from relatively homogeneous interstellar material. The results obtained here will be useful in ascertaining the existence and nature of galactic abundance gradients, as Six southern duster chemical compositions high-resolution spectra have recently been obtained for the clusters h and ^ Per and the loose association Cep OB III, all located in the Perseus spiral arm. The distance between the two spiral arms (approximately 4 kpc) should be sufficient to detect any systematic abundance differences. Further, proposed observations of galactic clusters beyond the Perseus spiral arm would provide abundances for objects over a distance of approximately 8 kpc.
